Materials characterizations
Field-emission Scanning Electron Microscopy (SEM) was performed with a Zeiss Supra 40VP operating from 5.0-20.0 kV. Transmission Electron Microscopy (TEM) was conducted using a JEOL-2010F at an accelerating voltage of 200 kV. Aberration corrected STEM was carried out with a JEM-ARM200F equiped with a cold field emission gun and an ASCOR corrector operating at 200 kV. X-ray Photoelectron Spectroscopy (XPS) was carried out using a Kratos Axis Ultra DLD and all data were referenced to the C 1s = 284.8 eV. X-Ray Powder Diffraction (XRD) was carried out with Bruker D8 diffractometer, respectively. ICP-OES was performed using the Thermo Scientific iCAP 6300. The tensile properties were measured using an universal material testing machine (Instron 3365, Instron Corporation, USA) at a cross-head speed of 2 mm/min. XANES was conducted at the Singapore Synchrotron Light Source (SSLS), XAFCA beamline.
Electrochemical measurement
A three-electrode system was used to test the activities of CuCo 2 For the RRDE measurements, the disk electrode was scanned at a rate of 5 mV s -1 , and the ring potential was constant at 1.3 V vs. RHE. The % HO 2 -and transferred electron number per oxygen molecule (n) were determined by the followed equations:
where is disk current, is ring current, and N is current collection efficiency of the Pt ring.
N was determined to be 0.40. Figure S12a shows the percentage of peroxide species with respect to the total oxygen reduction products, and Figure S12b shows the electron transfer numbers calculated from the RRDE curves. It can be envisioned that oxygen molecules were reduced to water via a nearly four-electron pathway (n is over 3.94) with a small ratio of peroxide species (less than 3.0%), in agreement with the results from the K-L plots. As shown in Figure S15 (a), the impedance data were analyzed by fitting to an equivalent circuit consisting of the series resistance (R s ), charge transfer resistance (R ct ), double layer capacitance (C DL ) and Warburg behavior (W). At high frequency range, the value of the intercept at the real axis is used to estimate the R s of the electrodes, which is the combination of the ionic resistance of the electrolyte and the resistance of the electrode material itself. The semicircle diameter in the plot corresponds to the R ct , also called Faraday resistance, corresponding to the total resistance at the interface between the electrode and the electrolyte. Figure S16 . XPS spectra of N-CNFs film (a) survey spectrum, and (b) N 1s.
As presented in Figure S16a , The survey XPS spectrum clearly revealed that the product NPs@N-CNFs and Pt/C+Ir/C electrodes as air cathode at 25 mA cm -2 .
